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1	Introduction
In the WID on NR sidelink enhancement [1], RAN2 is tasked to specify mechanisms to support Sidelink DRX:
	Sidelink DRX for broadcast, groupcast, and unicast [RAN2]
· Define on- and off-durations in sidelink and specify the corresponding UE procedure
· Specify mechanism aiming to align sidelink DRX wake-up time among the UEs communicating with each other
· Specify mechanism aiming to align sidelink DRX wake-up time with Uu DRX wake-up time in an in-coverage UE.



This contribution addresses key aspects related to the support of SL DRX.
[bookmark: _Ref178064866]2	Discussions
DRX has long been supported in the Uu interface in both LTE and NR, as a mechanism for power-saving in the UEs. Broadly speaking, the DRX functionality defines the notion of Active Time (also referred to as Active state), in which a UE is expected to receive and process incoming transmissions. For example, the UE is expected to decode the downlink (DL) control channels, and process grants, etc. Conversely, when the UE is not in Active Time (i.e., UE is in Inactive state or IDLE state,) there is no expectation on the UE receiving and processing transmissions and typically the UE turns off some of its components and enters a low-power (i.e., sleeping) consumption mode.
To ensure that a UE switches regularly to Active Time (i.e., wakes up), DRX cycles are defined. A DRX cycle is controlled by two parameters: 
· The periodicity of the DRX cycle, which controls how frequently the UE switches to Active state. 
· The duration of the Active Time, which controls for how long the UE is in Active state.
In addition to this basic cycle, the UE active time is affected by other conditions. For example, if a UE is expecting that a retransmission is being prepared from the eNB/gNB, the UE may enter Inactive Time (i.e., while the gNB prepares the retransmission) and then may enter Active Time (i.e., during a window in which the gNB may send the (re-)transmission). 
2.1	Design principles
There are some design principles that we believe RAN2 should agree upon before specifying the details of SL DRX, as follows:
· First, Uu DRX configurations should have higher priority than SL DRX configurations. That means, once a Uu DRX configuration is in place, a SL DRX configuration should adapt to Uu DRX configuration. In addition, a SL DRX configuration should not lead to modifications or override of the Uu DRX configuration. This is not to cause unwanted problems to the existing framework of Uu DRX.
· Second, it is important to keep all UEs in equal footing regarding SL DRX. This comes in different aspects. In the first aspect, a UE should not be allowed to enable or disable the DRX feature of another UE. Furthermore, a UE should not be allowed to terminate an ongoing DRX cycle or switch between DRX cycles of another UE. In the second aspect, a UE is not allowed to unilaterally change (a parameter of) a DRX configuration of another UE. Equivalently, a UE does not have to follow a DRX configuration selected by another UE. For example, to achieve the DRX alignment between UEs, it is reasonable to allow one UE to send some side information to assist another UE in determining a DRX configuration, but the latter UE does not have to accept all that is indicated by the former UE.  
[bookmark: _Toc54276231]RAN2 adopts the following design principles for SL DRX:
· [bookmark: _Toc54276232]Uu DRX has higher priority than SL DRX, i.e., SL DRX adapts to Uu DRX; no Uu DRX modification or override due to SL DRX is allowed.
· [bookmark: _Toc54276233]No UE can enable/disable the DRX feature nor terminate an ongoing DRX cycle in another UE.
· [bookmark: _Toc54276234]A UE is not allowed to unilaterally change a DRX configuration of another UE.

2.2	SL DRX timers and procedures
It is natural to define a set of timers (and related procedures) for Active Time and Inactive Time in the SL DRX as in Uu DRX. However, we expect some additional SL-specific features to be introduced. For example, besides HARQ-based retransmissions as in the Uu, SL also supports blind retransmissions, which may necessitate a new timer related to blind retransmission. 
[bookmark: _Toc54276247]SL DRX can reuse the main features of Uu DRX (i.e., for PUSCH). However, some SL-specific timers and procedures might need to be introduced.
Next, since there are two modes of the SL transmissions (namely, Mode-1 and Mode-2), it is necessary to consider both modes when designing SL DRX. 
On the other hand, in SL resource allocation Mode 1, gNB can assign SL grants to UE using DCI signalling addressed to SL RNTIs. This mean that the UE needs to monitor PDCCH carrying SL grants in addition to PDCCH carrying UL grants or DL assignments. This would affect Uu DRX. As one solution, new timers related to Mode 1 SL grant monitoring can be introduced to Uu DRX configuration.
[bookmark: _Toc54276248]Uu DRX will be affected due to Mode 1 SL grant monitoring.
When it comes to DRX cycles, we believe that long DRX cycles should be the default as in the Uu. The benefits of short DRX cycles, however, is not clear for the SL. The reason is, on one hand short DRX cycle provide additional flexibility to balance between communication performance and power-saving. On the other hand, due to the distributed nature of SL, allowing both short and long DRX cycles will likely complicate the DRX alignment procedures between UEs. Therefore, we are sceptical about the overall benefits of supporting short DRX cycles and in our view, short DRX cycles (if supported) should be solely controlled (i.e., enable/disable/terminate/switch) by the gNB.  This is also aligned with our view on the DRX design principles above.
[bookmark: _Toc54276249]The overall benefits of short DRX cycles are not clear in the SL.
[bookmark: _Toc54276235]Support of long DRX cycle should be assumed as a baseline.
[bookmark: _Toc54276236]RAN2 further studies whether short SL DRX cycle also needs to be supported.
3	Casting types
SL DRX is a general mechanism for power saving in the UEs. Therefore, in our view, DRX can be applied to all casting types. Nevertheless, due to different characteristics of unicast/groupcast/broadcast in the SL, the level of applicability of DRX for each casting type may be different. For example, when there is only one pair of UEs in a unicast connection, it is generally easier to align the DRX configuration between the two UEs. In contrast, the DRX alignment is harder to achieve when there are multiple UEs involved, such as in groupcast and broadcast. Although the design complexity of SL DRX for different casting types may be different, generally speaking, the design of SL DRX shall support all casting types, since power saving requirement is equally important for all casting types. 
[bookmark: _Toc54276237]Support SL DRX for all casting types.
4	Alignment of DRX active time
As outlined in the WID, there can be two main types of DRX alignment: between UEs (inter-UE alignment) and between Uu DRX and SL DRX.
4.1	Alignment between UEs
For a pair of UEs in a same communication, DRX alignment makes sure that the two UEs are in Active state in the same time duration and communicate to each other. This alleviates the need for a UE to turn on its circuits outside its DRX Active time to be able to send messages to the other UE. Additionally, the communication between two UEs is bidirectional in many cases, making a perfect sense for DRX alignment. In case of groupcast and broadcast, aligning active time also means all intended receivers of a message to be active at the same time to receive the message sent from a transmitter UE.
There are many aspects to study for the inter-UE DRX alignment. At a high level, we see the need to consider the following two scenarios for inter-UE DRX alignment:
· Alignment under the gNB control
· UE-autonomous alignment.
The first scenario is applicable to the case when at least one UE is under coverage, while the second scenario can happen in both in-coverage and out-of-coverage cases. We envision that each scenario will require its own procedures as well as signaling methods. 
[bookmark: _Toc54276250]Alignment of DRX between UEs can happen with or without network control.
In our views, a general principle for inter-UE DRX alignment would be one UE (or its serving gNB) suggests a DRX configuration to another UE (or its serving gNB). This DRX configuration could be selected from a set of (pre)configured DRX configurations based on certain criteria (e.g., the type of traffic or IDs of the participating UE). However, in what conditions, the receiver UE which receives the suggestion (or its serving gNB) should accept the suggestion can be further studied by RAN2. Furthermore, the receiving side of the suggestion should be allowed to indicate its decision to the transmitting side. In other words, the alignment is a negotiation process. Details of signalling are to be discussed.
[bookmark: _Toc54276238]A UE (or its serving gNB) can suggest a DRX configuration to another UE (or its serving gNB), how the receiver UE should accept or reject the suggestion can be further studied. 
[bookmark: _Toc54276239][bookmark: _Toc53750734]After reception of a DRX configuration suggestion from a transmitter UE, a receiver UE can indicate the decision (i.e., acceptance or rejection) to the transmitter UE.
4.2	Alignment between Uu DRX and SL DRX
For a UE supporting both Uu and SL, we expect that Uu DRX and SL DRX are separately configured. This allows the flexibility in changing one of the DRX without affecting the other and allows inter-band operation (i.e. Uu in one carrier and SL in another carrier). However, since both DRX are meant for the same purpose, i.e., saving power, it is desirable to align Uu DRX and SL DRX to maximize their benefits. Specifically, aligning Uu DRX and SL DRX maximizes the power saving in a UE supporting both Uu DRX and SL DRX and facilitate SL mode-1 resource allocation wherein the gNB schedules a SL transmission. To this end, we envision the following two scenarios for aligning Uu DRX and SL DRX: 
· Alignment of Uu DRX and SL DRX of the same UE
· Alignment of Uu DRX of Tx UE and SL DRX of Rx UE (relevant to SL Mode-1).
[bookmark: _Toc54276251]Alignment of Uu DRX and SL DRX help maximize the power saving target and facilitate SL Mode-1 resource allocation.
[bookmark: _Toc54276240]RAN2 studies two alignment scenarios between Uu DRX and SL DRX: 
a. [bookmark: _Toc54276241]Scenario 1: alignment for the same UE 
b. [bookmark: _Toc54276242]Scenario 2: alignment of Uu DRX of Tx UE and SL DRX of Rx UE in SL Mode-1.

5	Multiple DRX configurations
In the previous sections we discussed the support of DRX for unicast/groupcast/broadcast and possible mechanisms to achieve Active time alignment. Now the key question is how the DRX configurations should be configured to best support the Active time alignment for all casting types. As discussed in Section 2, we are not in favor of a UE creating its own DRX configurations. Rather, the DRX configurations should be configured to the in-coverage UEs from the gNB and to out-of-coverage UEs via pre-configuration. The next questions would be how many DRX configurations a UE should support and how the UEs use the DRX configurations for unicast/groupcast/broadcast.
As for the first question, in our view, the maximum number of supported SL DRX configurations in a UE can be up to UE’s capability, but at least two types of SL DRX configurations should be supported. More specifically, we envisage that firstly all UEs in a resource pool should support a DRX configuration that is the same for everyone (so-called common DRX). Additionally, one or more DRX configurations which are configured for specific classes of traffic or UEs should be supported (so-called class-specific DRXs). Details for associating a specific DRX configuration with a class of traffic are up to discussion, for example, using some UE identifications or casting type. Given these two types of DRX configurations, the common DRX can act as a background configuration so that a pair of UEs (or a set of UEs) can utilize to conduct their DRX alignment process, and once the process is completed, switch to a relevant specific DRX. When the communication between the said UEs finishes, they can fall back to using the common DRX before switching to yet a new specific DRX if necessary. That means a UE has a single active DRX at a time (either the common DRX or a specific DRX). Another possibility is that a UE can be active simultaneously in both the common DRX and a specific DRX if the energy condition allows. Additionally, the common DRX can naturally be used for broadcast communication. In contrast, a class-specific DRX configuration can be triggered by a transmission or the reception of a packet belonging to the class or by a UE belong to the class, depending on which represents a class. By supporting these two types of DRX configurations, we have enough flexibility to support DRX alignment for all casting types and traffic types, both in-coverage and out-of-coverage conditions.
[bookmark: _Toc54276252]It is beneficial to have a common DRX for all UEs in a resource pool, which can be used to bootstrap the DRX alignment between a pair of or a group of UEs. 
[bookmark: _Toc54276243]Support two types of SL DRX configurations: common DRX and class-specific DRX. Details of class-specific DRXs are FFS.
Another aspect related to DRX configuration is which signalling procedure can be used. In our view at least RRC signalling and SIB signalling should be supported. 
[bookmark: _Toc54276244]Support signalling of SL DRX configurations via RRC and SIB.
6	Impacts of DRX on resource allocation
The resource allocation in the SL Rel-16 were designed for V2X use cases, which was implicitly assumed that a UE in Mode-2 can be awake all the time to perform sensing and resource selection. Now, when the DRX is introduced, a UE will not stay awake all the time and obviously that will have impacts on the resource allocation. This poses a number of non-trivial questions, for example, how should a UE take into account its DRX configurations in sensing and resource selection. Similarly, how should a UE take into account the DRX configurations of other UEs, with whom the UE wants to communicate, in the resource sensing and selection? It is clear that the solutions to these questions must be developed in RAN1. Indeed, in RAN1 meeting #102-e, several companies have raised this issue, too.
[bookmark: _Toc54276253]SL DRX has impact on resource allocation, which would require specification work in RAN1. 
However, since the WID is currently not mandating RAN1 work on the DRX topic and the DRX work in RAN2 has just started, it might be a bit too early for RAN1 to do anything. Therefore, we propose that RAN2 starts the discussions on potential RAN1 impact due to interaction between resource allocation and DRX. RAN2 will send a LS to RAN1 when RAN2 has clearer messages.
[bookmark: _Toc54276245]RAN2 discusses the potential impact on RAN1 due to interaction between resource allocation and DRX.
[bookmark: _Toc54276246]RAN2 will send a LS to RAN1 on potential RAN1 impact due to interaction between resource allocation and DRX when RAN2 has clearer messages.
[bookmark: _Toc53750751][bookmark: _Toc53750743]Conclusion
In the previous sections we made the following observations: 
Observation 1	SL DRX can reuse the main features of Uu DRX (i.e., for PUSCH). However, some SL-specific timers and procedures might need to be introduced.
Observation 2	Uu DRX will be affected due to Mode 1 SL grant monitoring.
Observation 3	The overall benefits of short DRX cycles are not clear in the SL.
Observation 4	Alignment of DRX between UEs can happen with or without network control.
Observation 5	Alignment of Uu DRX and SL DRX help maximize the power saving target and facilitate SL Mode-1 resource allocation.
Observation 6	It is beneficial to have a common DRX for all UEs in a resource pool, which can be used to bootstrap the DRX alignment between a pair of or a group of UEs.
Observation 7	SL DRX has impact on resource allocation, which would require specification work in RAN1.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 adopts the following design principles for SL DRX:
	Uu DRX has higher priority than SL DRX, i.e., SL DRX adapts to Uu DRX; no Uu DRX modification or override due to SL DRX is allowed.
	No UE can enable/disable the DRX feature nor terminate an ongoing DRX cycle in another UE.
	A UE is not allowed to unilaterally change a DRX configuration of another UE.
Proposal 2	Support of long DRX cycle should be assumed as a baseline.
Proposal 3	RAN2 further studies whether short SL DRX cycle also needs to be supported.
Proposal 4	Support SL DRX for all casting types.
Proposal 5	A UE (or its serving gNB) can suggest a DRX configuration to another UE (or its serving gNB), how the receiver UE should accept or reject the suggestion can be further studied.
Proposal 6	After reception of a DRX configuration suggestion from a transmitter UE, a receiver UE can indicate the decision (i.e., acceptance or rejection) to the transmitter UE.
Proposal 7	RAN2 studies two alignment scenarios between Uu DRX and SL DRX:
a.	Scenario 1: alignment for the same UE
b.	Scenario 2: alignment of Uu DRX of Tx UE and SL DRX of Rx UE in SL Mode-1.
Proposal 8	Support two types of SL DRX configurations: common DRX and class-specific DRX. Details of class-specific DRXs are FFS.
Proposal 9	Support signalling of SL DRX configurations via RRC and SIB.
Proposal 10	RAN2 discusses the potential impact on RAN1 due to interaction between resource allocation and DRX.
Proposal 11	RAN2 will send a LS to RAN1 on potential RAN1 impact due to interaction between resource allocation and DRX when RAN2 has clearer messages.
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